Introduction !
The global increase in caesarean section rates is a result of not only elective C-sections, but also an increase in defensive behaviour on the part of obstetricians should birth pathology be indicated. These include anomalous presentations and twin births, whereby the increase in C-section rates is particularly evident. In case of breech births a negative position towards the vaginal mode of delivery is encouraged by the Term Breech Trialbetter known as Hannah Study [1] which reported an improved fetal outcome by means of planned cesarean section compared to planned vaginal delivery. Since then, the results of this study have been methodically called into question on multiple occasions or reduced to absurdity [2] [3] [4] and contested by many studies, leading to the ACOG reviving the vaginal method of delivery in 2006, under the requirement of careful risk selection and clarification [5] . Nevertheless, the C-section rate for breech presentations is still above 90 %. A similar trend can be seen with twin pregnancies. In the USA, this has been reflected in an increase in the frequency of C-sections for twins from around 55 % in 1995 to over 75 % in 2008 [6] . In Germany, an analysis of perinatal surveys in Hesse from 1990 to 2012 displayed a considerable increase in caesarean rates in twins, which primarily affects multiple births after the 32nd week of pregnancy [7] . Between the 32nd and 36th weeks, around 60% of twins in 1990 were born through caesarean section, with this figure rising to 77% in 2012. For gestational ages over 36 weeks, the C-section rate increased from 40 to almost 70%. In a Dutch cohort, however, Abstract ! The rate of caesarean sections in multiple births has grown sharply worldwide. The reason for this may be the results of large retrospective cohort studies from the 1990s, which displayed an increased risk of mortality and morbidity, especially for the second twin, in the case of vaginal births. Multiple monocentric analyses have not been able to confirm this. As a prospective, multicentre randomised study, the Twin Birth Study published in 2013, in which 105 clinics in 25 countries took part, showed that, under optimum conditions, there was no difference in neonatal and maternal mortality and morbidity if the birth was planned to be vaginal or via caesarean. Detailed analyses, which would be helpful in choosing the type of birth method and obstetric management in the event of vaginal birth, have not previously been published. Retrospective studies must be referred to for this. the rate of elective caesarean sections more than doubled in twins from the 32nd week of pregnancy from 17.7 to 36.8 % without neonatal morbidity having improved [8] . This study considers a large, recently published, multi-centre, prospective randomised study in the context of the literature and own experiences.
Zusammenfassung

Previous Studies
!
The increasing preference for abdominal delivery was triggered or at least encouraged by retrospective cohort studies from the past decade, which attested an increased risk of mortality for the second child, primarily in connection with vaginal childbirth. Based on data from the 1980s and 1990s. Smith et al. 2005 [9] analysed a Scottish cohort of 8073 twin births from 1987 to 2001 with a gestational age of at least 36 weeks and counted six intranatal or neonatal cases of death for the first twin and 30 cases of death for the second twin. There was a lower risk of mortality for both twins in planned C-sections than with vaginal births (0.14 % vs. 0.52 %; p = 0.005, OR 0.26; 95 % CI 0.03-1.03). In 2002, the same authors described 23 cases of death for the first twin and 23 cases of death for the second twin out of 1438 pairs of twins who were not born by planned C-section before the 36th complete week of pregnancy in Scotland between 1992 and 1997 [10] . In comparison, there were no cases of death for the first twin, but nine cases of death for the second twin in a cohort of 2436 pairs of twins after the 36th week of pregnancy. Five of these were a result of mechanical problems in the development of the second twin. A further retrospective cohort study by the same main authors from England, Northern Ireland and Wales on 1377 twin pregnancies between 1994 and 2003 with the intranatal and postnatal death of one twin displayed no association between birth order and mortality risk of the total collective, but did display an increased risk of mortality for the second twin compared to the first from the 36th week of pregnancy (p < 0.001, OR 2.3; 95 % CI 1.7-3.2). The trend primarily displayed a higher risk of mortality due to anoxia for the second twin in vaginal births compared to caesarean section [11] . In comparison, a retrospective cohort study from the USA [12] based on data from 128 219 twin pregnancies between 1995 and 1997 describes a rate of mortality for the second twin of 2.05 % for vaginal delivery compared to 1.69 % for C-section before the 36th week of pregnancy, with an OR of 1.84 (95 % CI 1.58-2.13) and a mortality rate of 0.11 % for vaginal delivery and 0.07 % for C-section from the 36th week of pregnancy (OR 1.35; 95% CI 0.83-2.23). The risk of neonatal mortality due to asphyxia in the entire cohort totalled 0.06 % for vaginal delivery compared to 0.04 % for caesarean sections (OR 1.47; 95 % CI 0.84-2.57) and at 0.29 %, was the highest when the second twin was delivered via C-section after the first twin was born via vaginal birth (OR 7.75; 95 % CI 4.0-14.9). Within the same cohort, Yang et al. 2006 analysed the neonatal mortality and morbidity risks of 86 041 pairs of twinsboth in cephalic presentationwith regard to method of delivery and birth weight [13] . There was a significantly higher level of mortality for the second twin for birth weights of higher than 2500 g when they were delivered via C-section following the vaginal birth of the first twin (0.9 vs. 0.08 % for the vaginal birth of both children and 0.03 % in the case of caesarean section for both children [ [14] analysed a cohort in Nova Scotia comprising 1542 twin births from 1988 to 1992. There was a significantly higher overall morbidity for the second twin than the first twin. According to a retrospective Swedish analysis [15] based on 30 047 twin births between 1980 and 2004, the rate of second twins with a 5′ Apgar Score < 7 and neonatal mortality after caesarean section delivery was significantly lower than following vaginal birth in a gestational age of under 34 weeks of pregnancy (5.4 vs. 12.2 %; p < 0.001; OR 0.46; 95 % CI 0.27-0.79 or 2.1 vs. 9%, p = 0.014; OR 0.40; 95 % CI 0.17-0.95). After the 34th week of pregnancy, the neonatal mortality was the same for each mode of delivery: 0.1 vs. 0.2 % OR 042 95 % CI 0.10-1.79. 5′ Apgar Score under 7 was significantly lower after C-section at 1.4 % than after vaginal birth at 2.6 % (OR 0.5; 95 % CI 0.34-0.73). In comparison to these large cohorts, smaller studies at individual centres with defined obstetric management showed other results. In a mono-centric retrospective cohort in Paris of 758 twin births after the 35th week of pregnancy and with the first twin in the cephalic presentation, there was no difference in mortality and morbidity found between twins born through vaginal delivery (n = 657) or C-section (n = 101) as planned in advance (4.7 vs. 5 %), neither for the second nor the first twin [16] . Based on our own data from St. Hedwig Clinic in Regensburg, the Institute of Gynaecology and Obstetrics of the University of Regensburg, we compared the pH difference in the cord blood between the first and second twin for vaginal births, elective and compelled C-section as well as vaginal-operative delivery in 698 births, and on average found twice as high a pH difference following vaginal birth as following caesarean section [17] (l " Fig. 1 ). pH values under 7.0 were found in seven cases overall and exclusively in the second twin, three of which were in the case of vaginal birth, three in compelled C-section and one case in elective Csection. The most recent meta-analysis of the neonatal outcome of twins depending on the order, the birth presentation and the method of delivery comprised eighteen studies with a total of 39 571 pairs of twins [18] and confirmed lower neonatal morbidity and mortality for the first compared to the second twin (3.0 vs. 4.6 %; p < 0.001; OR 0.53; 95 % CI 0.39-0,70 or 0.3 vs. 0.6 %; p = 0.02; OR 0.55; 95 % CI 0.38-0.81). There was no difference in morbidity found between twins in cephalic presentation and non-cephalic presentation, for the first nor the second twin, nor was there any difference between whether the planned method of delivery was vaginal or via C-section. Only in the case of caesarean section following the vaginal birth of the first twin was the neonatal morbidity of the second twin significantly higher compared to vaginal birth and planned C-section (19.8 vs. 9.5 vs. 9.8 %, p < 0.0001).
The Twin Birth Study
!
The contradictory study results prompted the Canadian research group at the Sunnybrook Research Institute in Toronto to carry out a multi-centre, prospective, randomised study with the objective of comparing planned vaginal birth with planned C-section in terms of maternal and child mortality and morbidity. Between 2003 and 2011, at 106 centres in 25 countries, 2804 pregnant women between the 32nd and 39th weeks of pregnancy with diamnotic twin pregnancy and the first twin in cephalic presentation were recruited, with 1398 of these being randomised into a group with planned caesarean section and 1406 being randomised into a group with planned vaginal delivery. Primary outcome criteria included neonatal mortality within the first 27 days as well as overall morbidity (l " Table 1 ). Overall morbidity and maternal mortality were assessed within 28 days following birth (l " Table 1 ). The results were published in the New England Journal of Medicine in 2013 [19] . Close to 90 % of pregnant women from the planned C-section group delivered via caesarean section. In 9.3 % of cases, both twins were delivered vaginally and in 0.8 % (n = 11) of cases, the second twin was delivered via C-section following the vaginal birth of the first twin. The caesarean birth of the second twin following the spontaneous birth of the first child was defined in the records of the planned C-section group, when they were not logistically feasible. In the group of vaginally planned twin births, both twins were born via the birth canal in 56.2 % of cases; in 39.6 % of cases both were born by C-section and in 4.2 %, the second twin was delivered via C-section after the vaginal birth of the first. There was no significant difference in the mortality and overall morbidity of mothers and children in both groups at 7.3 vs. 8.5 % (p = 0.29; OR 0.86; 95 % CI 0.65-1.13) and 2.2 vs. 1.9 % (p = 0.45; OR 1.16; 95% CI 0.77-1.74) (l " Table 2 ). A stratification based on parity, gestational age in randomisation, presentation of the second twin and chorionicity also had no influence on this result. Regardless of the delivery method, the overall risk of morbidity was significantly higher for the second twin than the first (p < 0.001, OR 1.9; 95 % CI 1.34-2.69). As a conclusion, it arises that, under optimum conditions, the vaginal delivery of twins with the second in cephalic presentation can proceed without in-creased risk. Based on the treatment protocol, the following requirements must be met for the study: " Ultrasound examinations at least every four weeks, " CTG controls or biophysical profile up to twice per week where necessary, " C-section possible within 30 minutes, " Anaesthesia, obstetricians and health care staff present in the clinic in the event of vaginal delivery, " ongoing CTG. In this study, particular importance was attached to childbirth being guided by an experienced obstetrician with proven expertise in vaginal twin birth obstetrics, a prerequisite which its critics felt was not sufficiently met in the Term Breech Trial from 2000 at the same Canadian research institute [3, 4] . The result of the Twin Birth Study therefore was hardly surprising to those who deliver twins vaginally under the above conditions. However, important questions in this large-scale study, which was published in a high-ranking publication, have not yet been answered:
Influence of Presentation ! A more recent Cochrane Review from 2011 [20] identified only one randomised study with a mere 60 twin pregnancies [21] . This had not reported any significant differences in morbidity in newborns based on planned C-section vs. planned vaginal birth, particularly with regard to the second twin being in breech pre- sentation. The most recent review from 2012 [22] , which considered the same prospective study as well as sixteen observational studies with 3,167 pairs of twins, could not display any significant benefit of a C-section for twins not in cephalic presentation with regard to neonatal mortality and morbidity based on a lower Apgar Score. Most recent retrospective studies state there is no advantage to be found in elective C-section over vaginal delivery in the case of twin births in which the first twin is in cephalic presentation and the second is not in cephalic presentation [23] [24] [25] . According to an American and a Danish study, there is a two-fold [26] or four-fold [27] increase in risk for the second twin being born via C-section following the vaginal birth of the first child if it is not in cephalic presentation. In the Danish study, the neonatal risk of morbidity of these combined deliveries measured at an Apgar Score < 8 and a cord pH of under 7.1 was significantly higher compared to the vaginal delivery of the second twin not in cephalic position (OR 6.2; 95% CI 2.1-18). A subgroup analysis based on presentation had no influence on results in the Twin Birth Study. The authors admit that sufficient statistical power was not achieved in their subgroup analyses. 39 % of the 1,391 second twins in the planned C-section group were not in cephalic presentation and 36.4 % of the 1,393 second twins in the planned vaginal birth group were not in cephalic presentation. The statistics presented do not state how many of the planned vaginal births resulted in a C-section being carried out for the second twin in breech or transverse presentation, or how many caesarean sections had to be performed for the second twin in cephalic presentation. The statement that there is no difference between planned C-section vs. planned vaginal delivery independently from the presentation of the second twin, therefore must be qualified, as there is a lack of detailed information on this subgroup. In our own analysis, the average cord artery pH (Na pH) of the second twin was significantly lower in the event of vaginal delivery from breech presentation than cephalic presentation (p = 0.0008) (l " Fig. 2 ) [17] .
Significant requirements for the vaginal delivery of the second twin from breech or transverse presentation include the experience of the obstetrician in external and internal turning manoeuvres and vaginal breech presentation obstetrics including the entire extraction. Due to the publication of the TBT, this may have decreased significantly, as fewer and fewer vaginal breech presentation births are taking place and taught in fewer and fewer clinics. In the Netherlands, for example, the rate of C-sections for breech births increased dramatically from 57.4 % in 2000 to over 80 % in 2001 [28] . This results in fewer and fewer opportunities for training in obstetric manoeuvres to be provided to obstetricians in training, which must also be mastered for twin births. The lack of obstetric expertise is reflected in the initially described rise in caesarean section rates for twin births. A further increase is inevitable if manual obstetrics falls by the wayside. It was astounding that there were 92 twin births in the Twin Birth Study where the first twin was not in cephalic presentation, with 51 in the group with planned C-section and 41 in the group with planned vaginal birth. Based on the protocol of the study, these should not have been included. The study does not provide any further information on this subgroup. We would have to refer to a few retrospective studies for the method of birth for the following twin in breech presentation, the majority of which were not able to evince any advantages for C-section over vaginal birth in terms of perinatal morbidity and mortality [29] [30] [31] [32] [33] [34] . Only one study from Beirut [35] , with 35 vaginal and 95 abdominal twin deliveries with the second twin in breech presentation, due to a traumatic growth of the first child with spinal fractures, and its immediate death, came to the conclusion that delivery via C-section is safer. The largest multi-centre study in terms of numbers by Blickstein from the year 2000 [30] analysed 613 twin deliveries with the second twin in breech position from 13 centres with vaginal (n = 239) vs. abdominal delivery (n = 374). For children under 1500 g, there was no difference in mortality and morbidity based on a 5′ Apgar Score under 5. Nonetheless, the proportion of nulliparae in the vaginal birth group was significantly lower than in the C-section group. For children under 1500 g, there were significantly more low 5′ Apgar Scores following vaginal birth than after C-section ( 
Influence of Chorionicity
!
During pregnancy, monochorionic-diamniotic twins had more than double the risk of intra-uterine foetal death than dichorionic twins due to specific risks such as fetofetal transfusion syndrome, with morbidity and the risk of CNS damage being significantly increased [36, 37] . In the case of a monoamniotic twin pregnancy, due to the drastically increasing risk of IUFD from the 33rd week of pregnancy [38] , there is a broad consensus that these pregnancies should be completed electively through caesarean section at this time due to the risk of cord complications. In the event of diamnotic twin pregnancies, based on a meta-analysis from 2005, the risk of intrauterine foetal death increases between the 36th and 38th weeks of pregnancy [39] . Intrapartal complications due to acute fetofetal transfusion [40] and premature placental abruption is discovered earlier in monochorial pregnancies than in dichorial pregnancies. The choice of birth method, especially for monochorial pregnancies, is subject to much discussion. According to a subgroup analysis, the stratification based on chorionicity in the Twin Birth Study did not lead to a change in the core statement that there is "no difference in foetal outcome between the delivery groups with planned C-section and planned vaginal birth". In Sau 2006 [41] , 60 births of monochorial twins and 218 births of dichorial twins were compared. The C-section rate was the same in both groups (56.6 vs. 53.6 %). In vaginal births, there was a significantly higher prevalence of 5′ Apgar values < 7 in monochorial twins than in dichorial twins (12 vs. 3.5 %, p < 0.01). Statistically, pH values under 7.2 were not significantly more frequent in the group of monochorial pregnancies (20 vs. 13 %, p > 0.05). In contrast, a Danish retrospective study [42] of 1175 twin births past the 36th week of pregnancy showed that, at 18.7 %, planned vaginal deliveries (n = 689) of dichorial twins indicated a higher risk of neonatal morbidity (Na pH < 7.1, 5′ Apgar < 8, NICU, neonatal mortality) than caesarean deliveries (n = 371) at 13.2 % (OR 1.45; 95 % CI 1.02-2.13; p = 0.037), but not in the case of monochorial diamnotic twins (19 vs. 15 .4 %; OR 0.87; 95 % CI 0.26-2.96). The results of a more recent Portuguese study [43] of 112 normal monochorial twin pregnancies past the 34th week of pregnancy indicated vaginal delivery as the method of birth of choice in the case of monochorial placentation. Our own comparison of 473 dichorial twin births with 103 monochorial twin births resulted in no difference in the rate of C-sections, the Na pH and base excess or the Apgar Score, neither following C-section nor vaginal delivery [17] .
Influence of Birth Interval
!
In the Twin Birth Study, the birth interval between twins was on average 3.6 ± 1.5 minutes in the group with planned C-sections and 10 ± 16.7 minutes in the group with planned vaginal delivery. It must be noted here that a caesarean was performed in 43.7 % of cases in this group, meaning that there was a considerably longer birth interval when only the 56.2 % of vaginal births are taken into consideration. Based on the previous analysis, no conclusions on the significance of the birth interval on child morbidity can be drawn from the Twin Birth Study. Based on the treatment protocol, obstetric management following the birth of the first child was left up to the obstetrician, as was the decision regarding proceeding watchfully or accelerating the birth of the second twin through active manoeuvre in order to keep the birth interval short. Studies on the influence of the birth interval on neonatal morbidity had contradictory results. Some of these came to the conclusion that the second twin should be born within 15-30 minutes following the birth of the first twin [44] [45] [46] [47] [48] ; others, primarily somewhat older studies, only ascribed minor significance to the time interval [49] [50] [51] [52] . Based on the perinatal surveys in Hesse between 1990 and 2014, neonatal morbidity was investigated based on the Na pH and base excess as well as the 1,5,10′ Apgar Scores of 4110 twin births following the vaginal birth of the first twin based on the birth interval between the second and first twin, and a lower cord artery pH was observed for longer birth intervals and more Apgar values under 7 were found for the second twin [48] . Similar correlations between Na pH, base excess and blood gases were also found in other small cohort studies [46, 47] . The analysis of our own data from 290 vaginal twin births showed a trend towards a positive correlation between the duration of the birth interval and the difference in cord artery pH (l " Fig. 3) , and a base deficit between twin 1 and twin 2, whereby this was even more greatly defined in the constellation of cephalic presentation/breech presentation [17] . A similar trend was found in the study of a work- ing group in Graz. In vaginal births with cephalic presentation/ cephalic presentation, there was no correlation between the Na pH of the second twin with an increasing birth interval; with the birth of the second twin from breech or transverse presentation, the pH value of the second twin displayed an inverse, but not significant correlation between the duration of the birth interval [53] . Based on their results, the authors concluded that watchful care is justifiable in the birth of the second twin. A Canadian, monocentric study between 1994 and 2004 on 177 pairs of twins found a significantly lower pH value for the second twin from a birth interval of over 60 minutes. The incidence of severe acidosis (p/h < 7, BE below − 12 mmol/l) only increased significantly after 60 minutes [54] . In contrast, active birth management including internal turning and full extraction was advocated by other authors. In a monocentric study by Fox et al. [55] , neonatal morbidity based on 5′ Apgar Score < 7 and Na pH < 7.20 with an active approach following the birth of the first twin in 130 vaginal twin births did not differ from those with planned C-section (n = 157).
Influence of Difference in Weight
! An exclusion criterion in the Twin Birth Study was the second twin being estimated to be substantially larger that the first. According to the cohort study by Armson 2006 [14] , the risk of increased overall morbidity for the second twin was more than three times as high than for the first if it weighed more than 20 % more (p < 0.001; RR 3.75; 95 % CI 1.62-8.68) compared to a relative risk of 1.67, 95 % CI 1.34-2.07 in the case of a difference in weight of under 10 % (p = 0.002). The aforementioned Swedish study [41] ) found a correlation between weight difference and risk of morbidity. A difference in weight of 300 g or more increased neonatal morbidity by 500 % in monochorial twins and by 50 % for dichorial twins. According to Stein et al. [48] , in addition to the presentation of the second child in breech position or transverse position, there was a positive correlation between a difference in weight of more than 20 % of the second twin and an increased birth interval. The previously published results of the Twin Birth Study made only a small contribution to answering these remaining questions. We are dependent upon retrospective studies and hope that further specific analyses follow based on the huge Twin Birth Study database available that will assist us in the selection of birth method for twins and in intrapartal obstetric management.
Conclusion
!
The Twin Birth Study came to the main conclusion that, under optimum conditions, there were no differences in terms of maternal and child morbidity between planned vaginal delivery and C-section in twin births. This result confirms the opinion of many obstetricians that deliver twins vaginally. The secondary Csection rate of approx. 30 % in the group of planned vaginal deliveries emphasises the significance of the infrastructure and personnel resources of the maternity clinic when it comes to the safety of the vaginal delivery method. The result of the Twin Birth Study is therefore not generally transferable, at least not here in Germany, where 70% of all departments have fewer than 1000 births and 30% even have fewer than 500 births per year, unless twins are transferred to large specialised centres with the necessary resources. Apart from this, based on an analysis of the WHO Global Surveys on Maternal and Perinatal Health (WHOGS), which included 3238 twin pregnancies in randomised institutions with over 1000 births per year from 23 low to middle-income countries in Africa, South America and Asia, the requirements for safe vaginal twin births are not met in many third world countries [56] . The authors of this study therefore find timely access to a safe caesarean birth to be necessary in order to reduce the risks for both mother and child. The results of the Twin Birth Study will probably change little in terms of obstetric management in German clinics: those that have the professional expertise required and the necessary infrastructure will continue to delivery twins vaginally, and those that do not have this will continue to perform C-sections in the case of twins.
